Twenty patients with mitral insufficiency (MI) due to ruptured chordae tendineae, papillary muscle infarction, or left ventricular enlargement with no organic disease of the mitral valve have been studied during the past 3 years. Nineteen had valve replacement, and one had plastic repair of ruptured chordae tendineae; all have been followed from 6 months to 3 years. Preoperative data were different in those who were improved by surgery (13 patients) and those who were not (seven patients). The group in which good results were obtained had a short history of heart failure, little or no evidence of left atrial (LA) enlargement in the electrocardiograms and x-rays, and striking LA v waves at catheterization. In the group demonstrating poor results, heart failure was of longer duration, gross four-chamber cardiomegaly was present, and LA v waves were only moderate. Thus, patients with nonrheumatic mitral insufficiency with high-pressure LA regurgitant waves and only moderate LA enlargement are likely to benefit from mitral valve surgery, even when the primary cardiovascular disease is hypertension, arteriosclerosis, or a cardiomyopathy. These patients generally have ruptured chordae tendineae.
sufficiency, and regular sinus rhythm. Often there is a background of arteriosclerotic heart disease, with or without myocardial infarction, or of systemic hypertension. The anatomic findings at operation, in those who have undergone mitral valve surgery or at postmortem examination, have included ruptured chordae tendineae,'-4 papillary muscle infarction with or without rupture,5' 6 and left ventricular enlargement without associated organic defects of the mitral valve.7 Because mitral valve operations in these circumstances are relatively hazardous and may not alter the progressive course of cardiac failure, it is important that valid criteria for the selection of patients for operation be established. This report describes those clinical, hemodynamic, and radiographic factors that correlate with a favorable response to operation and that may serve as criteria of operability in nonrheumatic mitral insufficiency.
Methods
Our group consisted of 20 patients who survived mitral valve operation at Stanford University Hospital from 1964 to 1967, because of progressive congestive heart failure with signs of mitral insufficiency, not of rheumatic origin. None gave a history of rheumatic fever, and only one had a murmur that had been noted before the age of 40 years. Prior to surgery, each patient had a 12-lead electrocardiogram, chest x-rays, and a phonocardiogram. Each underwent routine right heart catheterization by standard methods. The mid-axillary line was used as the reference point for all intracardiac pressures. The Fick method was used to determine all cardiac outputs. In addition, 12 patients underwent transseptal left heart catheterization, five had left ventricular angiography, four had coronary angiography, and five underwent repeat catheterization postoperatively.
Preoperative cardiac catheterization in each case showed a left atrial or pulmonary artery wedge pulse contour consistent with significant mitral insufficiency, in other words, elevation of pressure with a dominant v wave and rapid y descent. Nineteen patients underwent mitral valve replacement with a Starr-Edwards prosthesis, and in one patient with ruptured chordae tendineae plastic repair was done. After 6-month to 3-year follow-ups, the patients were divided into two groups: (1) those who had distinctly benefited from operation, as evidenced by a postoperative reclassification using the New York Heart Association class at least two classes higher than the preoperative class (good result group); (2) and those whose status had not improved (poor result group), in which the postoperative course was one of progressive cardiac failure and death, or in which the New York Heart Association class was worse than, or equivalent to, that prior to surgery.
Results

Anatomic Findings
In no case was there found pathological or histological evidence of rheumatic valvulitis such as thickened, calcified leaflets or thickened, shortened chordae tendineae.
At operation 10 patients in this series had ruptured chordae tendineae, which involved the chordal attachments of the anterior mitral leaflet in five and the posterior leaflet in five. Five of these patients had documented hypertensive or arteriosclerotic cardiovascular disease, or both, while in five no underlying cardiac disease was documented. Three of the patients with idiopathic chordal rupture had involvement of the chordae supporting the anterior mitral leaflet, while in two, those chordae serving the posterior leaflet were torn. This contrasts with Selzer and associates'3 description of the selective involvement of chordae supporting the posterior leaflet in isolated chordal rupture. Of the 10, all benefited from surgery except one (J.MacK.), who died 6 months after operation and was found at autopsy to have diffuse myocardial fibrosis with widely patent coronary arteries. He had had a long history of hypertension.
Two patients in the series were found to have infarction of the posterior papillary muscles with prolapse of the posterior mitral leaflet. In both, myocardial infarctions of the inferior wall had been documented. One (C.M.) had sustained, in addition, rupture of the chordae tendineae supporting the anterior mitral leaflet. Both patients did well following operation.
In nine patients, no specific histological lesion of the mitral valve, papillary muscles, or chordae tendineae was found. Two patients had myocardial infarctions of the inferior wall, and five others were hypertensive. Three of the patients in this group improved considerably after operation, one continued to have intermittent congestive heart failure and remained unchanged from his preoperative status, and five died after several months of progressive postoperative deterioration. The final anatomic diagnosis after autopsy in two of these patients was idiopathic cardiomyopathy. Five of the 13 patients in the good result group had had documented myocardial infarctions; in three of the five the murmur and symptoms of congestive failure appeared with, or shortly after, the acute episode. Hypertension was present in three patients in this group. In the poor result group, four of the seven patients were hypertensive, and one had had a myocardial infarction 15 months prior to surgery.
Cardiac Rhythm Disturbances
Only three of 13 patients in the good result group and one of seven in the poor result group had atrial fibrillation; the remainder had regular sinus rhythm. This again contrasts with the high incidence of atrial fibrillation in rheumatic mitral valvular disease.
Chamber Hypertrophy and Enlargement
Electrocardiographic criteria for left ventricular hypertrophy were met in five of the 13 patients in the good result group, while cardiac x-rays revealed left ventricular enlargement in 12 patients. Left atrial hypertrophy, however, was present in the electrocardiograms of only three patients in this group and definite left atrial enlargement in only five of the 13, roentgenographically ( fig.  1 ). In the poor result group, on the other hand, gross cardiomegaly with involvement of all chambers was the most common x-ray finding. Left atrial hypertrophy was present electrocardiographically in five of seven patients in the poor result group, and in all seven patients this chamber was enlarged roentgenographically ( fig. 2) . In no patient in either group was mitral valve calcification seen on the x-rays.
Findings at Cardiac Catheterization
The most striking difference between the two groups hemodynamically was the amplitude of the left atrial or pulmonary artery "wedge" v wave ( figs. 3 and 4) . In the good result group, the v wave had an average height of 52 mm Hg and was 40 mm Hg or greater in all patients but one ( fig. 4) . In Left ventricular cineangiography was done preoperatively in five patients in this series, and therefore, the findings are of limited significance. However, in two patients in the good result group, marked mitral regurgitation with relatively effective left ventricular contractility was seen, while in three patients in the poor result group the degree of regurgitation ranged from moderate to severe, with relatively poor ventricular contractility in each case.
Discussion
Normal function of the mitral valve depends on both the anatomic integrity of the valve leaflets, chordae tendineae, and papillary muscles, and the maintenance of appropriate spatial relationships between these elements.7
The patient who presents with congestive heart failure and an apical systolic murmur of relatively recent onset without evidence of long-standing rheumatic valvular disease may have surgically correctable mitral insufficiency due to any one of several distortions not involving the valve leaflets themselves. In recent years, the most frequently reported of these lesions has been rupture of the chordal tendineae which may occur in association with other diseases of the heart or as an "isolated" or "spontaiieous" event. Myocardial infarction with involvement of a papillary muscle may produce mitral insufficiency either through frank rupture of the muscle or as the result of gurgitation and the integrity of myocardial function in patients considered for surgery. There is no doubt that this is useful, and we now do this in addition to cardiac catheterization in most patients of the type presented in this report. However, the risks of left heart angiography are substantially greater than those of right heart catheterization. In addition the data obtained by routine cineangiograms are qualitative and often subject to varying interpretation. Quantitative determination of left ventricular volumes and ejection fraction should be more helpful but is not easily applied in most laboratories, and this is also true of other quantitative methods for assessing mitral regurgitation. For these reasons the simple objective features discussed, particularly the left atrial v-wave amplitude, seem worth emphasizing as guides to the selection of patients for surgery.
In conclusion, any patient with disabling cardiac symptoms and a murmur suggestive of mitral insufficiency should be considered a potential candidate for mitral valve surgery, even if the primary cardiovascular disease seems to be hypertension, arteriosclerosis, or a cardiomyopathy. If the symptoms are of less than 2 years' duration, the left atrium is not grossly enlarged, and pulmonary artery wedge v waves exceeding 40 mm Hg are found at right heart catheterization, surgery can be recommended in most instances. Left heart catheterization with left ventricular cineangiocardiography will provide further information regarding the degree of insufficiency and left ventricular myocardial dysfunction and should be done in selected patients in whom the indications for surgery are unclear.
